The magnet is the central element of the spectrometer system, where it will be used to momentum-analyze secondary heavy-ion fragments at relatlvistic energies. High bending power and large acceptance apertures are necessary for simultaneous multiple fragment Measure ments. Free access over large angles to the Magnetic volume is recessary to accomodate a variety of experi ments and particle detection systems. The magnet has pole tips two meters In diameter, a one Meter gap, and a maximum central field of three tesla. The coils are designed to be cryostable, with a helical winding pat tern. A window-frame steel yoke Units the stray fie 1 d and augments the central field. In terms of its mag netic energy of 55 MJ 1t will be one of the twelve or so largest magnets 1n the world. Unusual engineering features of the magnet are the large magnetic forces (one million kg) between the colls at liquid helium temperature and the yoke at room temperature, and the large diameter {7 m) hydraulic cylinder base to provide rotation for the magnet. The magnet will be installed at the BEVALAC heavy-1on facility at Lawrence Berkeley Laboratory.
GENERAL DESCRIPTION
The magnet steel from the University of Michigan P3 inch cyclotron became available to the HISS project before engineering work on the Conceptual Design Report commenced. Along with the requirements of experimen ters, this 300 tons of steel determined the general cunfigura J on of the magnet. Steel spacers were added to the return legs to enlarge the gap to 1 m (40 in.) to meet the physics requirement for a large vertical aperture. The 2.1 m (83 in.) dia. poles were used without modification. To carry the return flux asso ciated with the increased central field of 3 tesla, 265 tons of steel were added to the sides and ends of the yoke, limiting the mid-plane stray field to about 0.1 tesla at a distance of 3 m from the magnet centerline. By space conserving design effort, the coil, cryostat and fupport structure were kept from intrud ing into the aperture space. The need for free space in this region also precludes the use of structures to tie the two coils together mechanically. Figure 1 shows the overall layout of the magnet, and Table I lists the major parameters of the magnet.
The basic mode of experimentation with the magnet In the large aperture configuration will use ray-tracing methods. Thus the requirement on field distribution is that it be sufficiently smooth to be reconstructable Overall layout of the magnet The coll winding matrix is shown In Fig. 3 . The final design provided more wetted area of the conductor than was assumed in the above optimization. The cross sec tion of the coll, support and cryostat is shown in Figure 2 .
The operating hoop stress in the conductor Is 66.2 HPa (9600 psi). Some work hardening was left in the con ductor in order to keep the proportional limit above this value. The substrate resistivity Including mag neto-resistance was estimated to be 3.5 x 10" 8 ohm cm. The cross-section area of copper 1n the conductor Is .464 cm 2 . The wetted surface area per unit length is 2.
1.67 cm. The heat transfer rate to liquid helium re quired for stability is then .22 w/c»2 (lowing heat transfer along the length of the conductor and turnto-turn. 
UUEHCH PROTECTIOH PARAMETERS
Appearance of resistive voltage in the coil will be de tected by bucking one coil against the other. The quench detector will switch out the power supply and the magnet will discharge through a dump resistor, hard wired to the coll.
Assuming only a small length of conductor goes normal, the following condition must be met5 to keep the hot spot temperature less than 3O0°K: 
Radial position (in.) At the time of fabrication, the delivery tine for Ti alloy plate was more than 9 months, and stainless steel 304 LN was substituted. The cylinder wall thickness was tapered according to the variation of the steel yield point with temperature. This design is shown in Figure 2 .
The lateral magnetic forces were found to be a non linear function of the displacement of the coil axis from the pole and yoke center-line. The maximum gra dient was much less than the lateral stiffness of the support cylinder. At a displacement of .6 cm the lateral force is about 45 kfi.
ROTATABLE 8ASE
The base is composed of a piston and a cylinder. The base diameter is 6.58 :n (21 ft. 8 in.) selected to pro tect the building floors against loads of more than 167 kPa (3500 lbs./sq.ft.)
Normally, the piston rests at the bottom of the shallow cylinder. When the magnet must be rotated, oil is pumped under the piston until it, with the magnet, floats free of the cylinder bottom plate. Rotation 1s accomplished using a circular gear rack and pinion. Fiflure 11. Rotatable base partial cross section.
CONSTRUCTION STATUS OH SEPTEMBER IS. 1980
The magnet yoke and rota table base assembly is 75'. complete.
The coil bobbin asstsfolies are 45i complete. The first coil bobbin is 90S complete.
The site is being prepared for the assembly of the cryostats. All shop work orders for materials required in the assemblies have been issued.
